During the last few years, a growing number of studies have shown the accuracy of lung ultrasound in the diagnosis of pulmonary diseases. The latest developments in lung ultrasound are not because of technological advance, but are based on new applications and discovering the meanings of sonographic artifacts. Real-time sonography of the lung in the emergency department saves time and cost, providing immediate information to the clinician, relying on very easy-to-acquire data. The bedside sonographic recognition of pulmonary diseases practically guides management and reduces the amount of negative radiologic image testings. This review describes some innovative practical applications of B-mode lung ultrasound in the diagnosis of alveolar consolidations and interstitial syndrome in the emergency department.
Introduction
For many years transthoracic ultrasound has been limited to analysis of pleural pathological processes. Lung application has always been considered of limited utility, as thoracic bones and pulmonary air content prevent the progression of the ultrasound beam and cause production of artifacts [1] . This consideration has, for many years, discouraged progress in lung ultrasound. During the last few years, real-time bedside sonography has gained broader acceptance as a clinical tool for the clinician, and this has led to several new applications. Among them, lung ultrasound is the most innovative one. Development of modern lung ultrasound procedures is mainly based on discovering of the significance of sonographic artifacts, rather than from technologic progress. The growing demand in prompt diagnostic decisions in our crowded emergency departments (ED) together with the increasing awareness about the flaws of physical signs and chest radiography in the diagnostic process of pulmonary diseases are the reasons of a growing use of bedside ultrasound in lung evaluation. This application also reinforces the possibilities of 'primary ultrasound', or the use of ultrasound in primary healthcare where more expensive technologies are not available, as in developing regions. Moreover, the number of published papers showing lung application of sonography is increasing. This article will review some clinical applications of B-mode lung ultrasound in the diagnosis of lung diseases, particularly focusing on detection of alveolar consolidations and interstitial syndromes in the ED.
Technical equipment
Technology for sonographic visualization of the chest wall, pleura, and pulmonary pathologies has been available for many years [2] . For the real-time application in the emergency setting, the only prerequisite is that the unit should be easily portable from bed to bed. Information about pulmonary pathologies can be obtained using different probes, but artifacts are better analyzed using low frequency that extends the ultrasound beam to deep structures (work in progress). Different studies on lung ultrasound performed with linear, curvilinear, cardiac, and microconvex probes are available. The microconvex 5 MHz probe has been widely used for bedside lung application [2] . This probe has the advantage of working deep enough to analyze vertical artifacts and being small enough to thread between thoracic bones. Lung is well analyzed even with the curvilinear (abdominal) probe 3-5 MHz, which has the advantage of coupling a wider visualization of the pleural line together with detection of deep structures [3] . The ability to visualize deep structures is of major importance in critically urgent cases, like severe traumas, where using one single probe to examine both thorax and abdomen can save precious time (work in progress). The linear probe has the great advantage of giving higher resolution images of the pleural line and small subpleural consolidations, but it does not allow analysis of deep structures and artifacts.
Technique
Lung is a voluminous organ with limited accessibility to the ultrasound beam. To analyze the entire organ, one should perform multiple scans at the anterior, lateral, and posterior chest wall, during maximal inspiration, exhalation, and breath holding by the patient to gain access to areas covered by solid structures of the thoracic cage. In busy ED practice this comprehensive approach is not practical, because it is a long procedure and very often patients are critically ill. Recent literature has focused on very simple methods applicable on supine or near-tosupine patients, looking for easy-to-acquire sonographic signs not linked to any patient position or respiratory movement. The chest wall can be divided in different areas, corresponding to physical landmarks [2] [3] [4] [5] . The anterior chest wall is delineated from the sternum to the anterior axillary line, whereas the lateral zone is delineated from the anterior to the posterior axillary line ( Fig. 1 ). Most of the diagnostic procedures in lung ultrasound rely upon imaging the anterior and lateral chest wall of a supine patient [3, [5] [6] [7] . Sometimes, it may be necessary to slightly move the shoulder of the patient to gain a posterior placement of the probe, passing the posterior axillary line [2] . Chest areas are the same on both sides, but cardiac interposition decreases the number of useful scans on the anterior left. The probe is gently applied on each chest wall area, through two different planes: longitudinal and oblique. The longitudinal scan allows visualization of at least two ribs and the pleural line between and under them [4] . This procedure is an important initial step of lung evaluation, because it allows easy and accurate detection of the pleural line. Once the pleural line is visualized, one can obtain an oblique scan to better study pleura and artifacts slightly turning the probe, positioning it along the intercostal space [3] . This allows visualization of a more wide extension of the visible pleural line, particularly when using linear and abdominal probes.
Normal lung
Applying the probe on any intercostal space in the chest areas without cardiac interposition, one can distinguish three key structures: the chest wall, the pleural line, and the pulmonary artifact region.
The chest wall has different depth, depending on patient habitus and region being examined. The focus should be preset at the depth of the pleural line for better visualization of artifacts. Different parts of the chest wall may be delineated, but the most important are the margins of normal ribs. They appear as uninterrupted echogenicities similar to the normal pleural line, but not moving and generating an acoustic shadow that partially Longitudinal lung scan: two adjacent ribs (white arrows) and the echogenic pleural line between and below them (gray arrow). Visualization of the 'bat sign' is useful for detection of the pleural line, and should be the first step in lung evaluation.
hides the underlying structures ( Fig. 2 ). Sonography may be successfully used in diagnosing chest wall pathologies, but this aspect of chest ultrasound is beyond the scope of this review.
The pleural line appears as a thin echogenic line, a few millimeters below the ribs in the adult. This line represents both the parietal and visceral layers of the pleura. Two adjacent ribs with the pleural line between and under them outline a characteristic sonographic sign called the 'bat sign' [4] . The recognition of this sign is the first step in the procedure, because it easily allows detection of the pleural line ( Fig. 2 ). This line indicates the lung surface and is slightly moving during respiration in a to-and-fro movement, with maximal amplitude at the bases. The recognition of this movement, generally called 'lung sliding', is a second important step in lung evaluation, because its detection is a sign of normal physiologic movement of visceral and parietal pleura without interposed extrapleural air [8] . The M mode is used to easily document lung sliding on a picture, as it records a simple sign called the 'seashore sign' (Fig. 3 ) [4] .
Under the pleural line of the normal lung, we can distinguish a uniform background pattern, finely sparkling, and some linear artifacts. The background sparkling artifact is generated when the ultrasound beam is irregularly reflected back to the probe by the microspheric surfaces of the air inside the moving alveoli. The linear artifacts are mainly of two opposite types, either horizontal or vertical. The horizontal artifacts are echogenic lines appearing as repetition of the pleural line at regular intervals, and are called 'A lines' (Fig. 3 ) [4] . The vertical artifacts are echogenic rays that arise from the pleural line, reaching the edge of the screen without fading and moving synchronous with lung sliding and respiratory movement ( Fig. 4) . In a single scan of the normal lung they can be single or multiple, but are generally limited to not more than one thoracic area per side, especially at the bases [3, 6, 9] . These vertical artifacts are called 'B lines', 'comet tails', or 'ultrasound lung comets' [3, 4, 6, [8] [9] [10] [11] [12] [13] .
Pulmonary pathologies
The lung is characterized by an intimate mixture of air and water, and the change in their balance is a basic principle of pulmonary diseases. Ultrasound is ideal in detecting abnormalities in this mixture, because air and Normal lung pattern. Left: oblique scan of an intercostal space, showing the pleural line (thick arrow) and some horizontal repetition artifacts called A lines (multiple thin arrows). Right: M-mode is useful to objectify the lung sliding by visualization of the 'seashore' sign. The pleural line (white arrow) is between waves (the motionless thorax wall, above) and sand (the respiratory moving lung, below). The vertical artifact called 'B line' or 'comet tail' or 'ultrasound lung comet'. It generates from the pleural line, reaches the edge of the screen without fading and move synchronous with lung sliding. In the normal lung, isolated B line can be seen in any scan.
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water have opposite acoustic impedance. All different images and artifacts detectable by lung ultrasound are a function of the interaction between air and water. Lung ultrasound is mostly based on the analysis of artifacts, rather than direct visualization of structures. Most of such semiotics comes from the investigation by Dr Lichtenstein who detailed the meanings of several ultrasound lung signs [12] .
Alveolar consolidations
Some studies have examined the echographic appearance of alveolar consolidations and the usefulness of ultrasound in the diagnosis of pneumonia, lung infarction, and atelectasis since many years ago, showing sensitivities and specificities ranging from 90 to 98% [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Despite these encouraging results, ED application of sonography for this purpose is still not widespread. Alveolar consolidation is a condition of high liquid content and loss of air, and it is not always detected by traditional radiology and physical examination. When alveolar air near the pleural layers is replaced by fluid and no more aerated structures lie in between the pathologic process and the probe, the consolidation can be sonographically visualized. Alveolar consolidations are commonly visualized because most consolidated areas reach the pulmonary surface being detectable by ultrasound [16, 22] . The consolidation generally appears as a pleural-based hypoechoic or anechoic image with pleural line breakdown, easily distinguishable from the surrounding hyperechoic aerated lung ( Fig. 5 ). This image has been called 'superficial fluid alveologram' [16] . The fluid alveologram has a relatively limited specificity in distinguishing between pneumonia, lung cancer, atelectasis, pulmonary infarction and lung contusion. Although not highly specific, this first-step detection of any alveolar consolidation could be often decisive in the real-time diagnostic processes in the ED [24, 25] . This finding would also allow more rapid therapeutic intervention. As a second step, the analysis of artifacts, margins and some other specific signs of the consolidated area can help in distinguishing between different pulmonary pathologies.
Shape and margins
Analysis of the shape and margins of the lesion often allows distinction between an inflammatory consolidation owing to pneumonia (generally blurred margins and irregular, bizarre shape) ( Fig. 5 ), peripheral lung infarct because of embolism (sharp margins, wedge or round shaped and pleural based) or peripheral malignancies (sharp margins, round shaped) ( Fig. 6) [20, 21, 26] .
Echotexture
One criterion for ultrasound differential diagnosis is between nonhomogeneous texture of pneumonia and other hypoechoic homogeneous lesions such as pulmonary infarct or malignancy [20, 21] . In the very early phase pneumonia shows homogeneous echogenicity, whereas progression and complication are demonstrated by increased inhomogeneity [26] . The tissue-like pattern is typical of massive consolidation of a lobe generally because of pneumonia ( Fig. 7) [16, 22] .
Bronchograms
Air and fluid bronchograms are the most important signs to differentiate between pneumonia and other sources of consolidation. The bronchogram is because of air or fluid inclusions in the bronchial tree, trapped in the consolidated area, and appear as echoic (air) or anechoic (fluid) images either linear or lentil sized [14] [15] [16] . The air bronchograms can show inspiratory centrifugal movement, which is a highly specific sign of nonretractile consolidation (pneumonia). A static air bronchograms is a sign of late-stage retractile condition (atelectasis) [2, 27] .
Lung pulse
The characteristic vibration in rhythm with the heartbeat of the consolidated lung is called lung pulse and is a highly specific sign of nonventilated lung [27] . It can be seen even in mainstem intubation or mucous plugging.
B lines
These vertical artifacts are generally detected in the area surrounding alveolar consolidation, and are a sign of increased fluid content of the interstitium (Fig. 8 ) [3, [5] [6] [7] . They can be also an indirect sign that predicts a neighboring consolidated area [28] . Some authors have shown that most consolidations extend superficially to the pleura and can be visualized by ultrasound [16, 22] . Nevertheless, we must consider that in the emergency setting it is not always possible to analyze all the thoracic areas because of certain obstacles, such as patient position, wounds, bandages, or monitoring equipment. Deep or posterior alveolar consolidations could be missed. Comparing sonography with traditional radiology on 217 patients admitted to our ED unit, it has been shown that anterolateral sonographic pattern without B lines rules out any radiologic alveolar consolidation with a specificity of 90% and a negative predictive value of 84% [29] .
Advantages over other diagnostic tools in the emergency department
Diagnosis of alveolar consolidation in the ED traditionally relies on chest radiography and physical signs. We know these tools have some limitations, especially in the emergency setting where delays in film reading and technical limitations occur [30] [31] [32] [33] [34] . Sonography has the advantage of immediate diagnosis and can be particularly helpful in the evaluation of complex pleural and parenchymal lung diseases. It is free from ionizing radiation, which makes it a preferable procedure in the diagnostic for pediatric or pregnant patients, and the direct examination by the caregiver should improve the doctor-patient relationship. Finally, small consolidations are easily missed by radiology. In a series of patients complaining of acute pleuritic pain and normal chest radiograph and physical examination, lung ultrasound was decisive to rule out a parietal origin of the pain allowing distinction between pneumonia, embolism, and Alveolar consolidation showing a sonographic tissue-like pattern. Left: laterobasal transthoracic scan showing massive consolidation of the lower lobe because of pneumonia (C). The echotexture is similar to liver (L) showed on the right side of the diaphragm (white arrow). Some basal effusion is also showed. Right: similar pattern in an oblique lateral lung scan. Sonograms of the painful thoracic area in two otherwise healthy participants with normal chest radiograph, presenting with pleuritic pain in the ED. PL: pleural line. Left: one wedge-shaped, hypoechoic lesion with regular margins because of pulmonary embolism (black arrows). Right: one round subpleural hypoechoic lesion with regular margins owing to lung metastasis (white arrows).
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metastases [24] . The role of lung US in the differential diagnosis of acute pleuritic pain in the ED has been proven even on a larger case study [25] .
Diffuse interstitial syndrome
The interstitial syndrome of the lung is characterized by an abnormal increase of fluids in the interstitium, while air alveolar content is slightly reduced. From an anatomic-pathological point of view, the interstitial syndrome is characterized by the presence of thickening of interlobular septa with or without an increase in extravascular lung water. The major causes are cardiogenic and lesional pulmonary edema, infectious interstitial processes and chronic diffuse parenchymal lung diseases [3, 6, 7, 9, 11] .
Sonographic sign
The characteristic sonographic sign is a linear artifact called B line, 'comet tail' or 'ultrasound lung comet' [3, 4, 6, [8] [9] [10] [11] [12] [13] . The B line is a vertical echogenic artifact generated by multiple reflections of the beam trapped between air and water-rich structures, like the edematous interlobular septa. Contrast between air and water creates a phenomenon of resonance outlined in Fig. 9 [6] . Computerized tomography correlation has proven that B lines correspond to thickened interlobular septa with a width of not more than 700 mm, being too small to be registered by the ultrasound as tissue image but wide enough to generate reverberation [2, 6] . Several B lines visible in a single scan are called 'lung rockets' or B + lines [4, 6, 8] . This pattern disseminated in more scans on each lung defines diffuse alveolar-interstitial syndrome (Fig. 10) [3, 6] .
Definition of abnormal patterns
The definition of the sonographic diagnostic criteria for the alveolar interstitial syndrome is currently subject of some debate. We know from the literature how to define the B line, which has the features already described, and must critically be distinguished from other similar vertical artifacts [4] . Once outlined the artifact features, we need criteria to define pathology. The ultrasound examination of a voluminous organ such as the lung provides two basic steps. The definition of pathological single scan is the first step. This must be followed by the definition of a whole pathological examination, as derived from the consideration of a set of multiple scans.
To date, there is a general agreement about the number of B lines in a single lung scan to be considered positive. Using the microconvex probe visualization of three B lines (B + pattern) should be enough to make diagnosis of a positive lung scan [6] . This statement comes from the observation that the mean distance between two adjacent interlobular septa at lung surface is never more than 7 mm, and this should be the widest distance between B lines to be significant [6] . Other authors, performing lung ultrasound with linear probes adopted the criteria of more than six artifacts per scan [9] . The difference is probably because of diverse extension of the visualized pleural line using linear and microconvex probes. Our criteria to define a B + scan using the abdominal probe is to count at least three artifacts with a distance between adjacent lines of not more than 7 mm [3] .
The whole pathological examination is less defined in the literature. There are data showing that B + scans can be found in the laterobasal areas of normal lungs with a percentage ranging from 14 to 28% [6, 9, 35] . In our experience on ED patients admitted with any diagnosis, B + scans can be detected in any thoracic area even in patients with normal lung, but isolated and mainly confined to the laterobasal area (see Table 1 for percentages) [29] . Another point is that focal B + pattern could be detected even in areas surrounding isolated radiographic alveolar consolidations of any etiology [3, 6, 28, 29] . In agreement with these observations, we can state that B + scan detection at some thoracic areas is not necessarily linked to diffuse interstitial lung involvement. For these reasons, we think an accurate definition of a positive ultrasound lung examination is mandatory. Agricola et al. [7] defined a positive examination as bilateral multiple comet-tail images either disseminated all over the anterolateral lung surface or limited to the lateral lung surface. More precisely delineated criteria may be necessary in the clinical daily practice of our EDs. We found a reliable watershed between normal and diagnosis of diffuse alveolar-interstitial syndrome in detection of B + pattern on at least two scans on each thoracic side, performing four transthoracic scans per side (two anterior and two lateral) [3] .
Diagnostic limit of B + diffuse pattern
The limitation of this pattern is low specificity. To date, it is not possible to distinguish a B + diffuse pattern because of cardiogenic and inflammatory pulmonary edema, pulmonary fibrosis, or interstitial pneumonia. The inclusion of sonographic evaluation with other clinical and diagnostic data could allow more accurate differential diagnosis (work in progress).
Evaluating acute dyspnea in the emergency department
Real-time diagnosis of sonographic alveolar-interstitial syndrome at bedside may have immediate effects on the management of ED patients. In the daily practice, very often the clinician must distinguish a respiratory from a cardiogenic cause of acute dyspnea. Stethoscope, electro-cardiogram, radiography, and laboratory are not always decisive, especially in the emergency setting [36] [37] [38] . We should be aware that interpretation of radiologic signs of pulmonary congestion, such as flow redistribution and interstitial edema, are often questionable and subjective, especially when poor quality films are examined [39, 40] . Moreover, an official interpretation by a radiologist may not be immediately available. The confusion between the two diagnoses could lead to delay of proper treatment or administration of useless or harmful drugs. If a simple B-mode ultrasound unit is available, emergency physicians could perform lung transthoracic sonography targeted to B lines assessment and diagnose diffuse sonographic alveolar-interstitial syndrome at bedside in a few seconds. There are two published studies that analyzed the accuracy of the lung ultrasound B + diffuse pattern in the recognition of the alveolar-interstitial syndrome, when compared with chest radiograph. The first one was performed in the ICU setting on critically ill patients mostly submitted to mechanical ventilation, and showed a sensitivity of 93.4%, specificity of 93.0%, and a feasibility rate of 99% [6] . The other one was performed in the ED, and showed similar results (sensitivity 85.7%, specificity 97.7%, feasibility 98.3%, interobserver variability 4.9%) [3] . The recognition of any diffuse interstitial lung involvement in emergency situations rules out in few minutes (not to say seconds) some pulmonary pathologies, but especially a respiratory cause of acute dyspnea-like exacerbation of chronic obstructive pulmonary disease. Diagnosis of diffuse sonographic alveolarinterstitial syndrome allowed differentiation between exacerbation of chronic obstructive pulmonary disease and pulmonary edema with a sensitivity of 100% and specificity of 92% [41] . In a preliminary study, detection of interstitial involvement by lung ultrasound has shown to drive clinical decision with high accuracy [42] . Finally, records of lung ultrasound scans allowed monitoring of B + pattern clearing during treatment of pulmonary congestion in acute decompensated heart failure and high-altitude pulmonary edema [43, 44] .
Using lung ultrasound for hemodynamic assessment
Lung ultrasound assessment for B lines can be useful in evaluating hemodynamic status of patients presenting in the ED. Agricola et al. [7] showed good correlations between the number of comet-tail artifacts and the extravascular lung water assessed at chest radiography and by indicator dilution method (PiCCO system, Pulsiocath PV8115, Pulsion Medical Systems, Munich, Germany), along with Swan-Ganz and echocardiographyassessed pulmonary wedge pressure [45] . The sonographic score used for the correlation was obtained from counting all single vertical artifacts detected during the examination. We think this score is quite complex to apply in the emergency setting and not correct for two reasons: (i) it depends on retrospective analysis of frozen images, whereas one of the characteristics of B lines is that they move with sliding; (ii) it is not always possible to count B lines, especially in advanced alveolarinterstitial edema, characterized by scans with multiple and large B lines which fuse and give the appearance of what we called 'shining' lung ( Fig. 11 ). In our study on patients admitted with acute decompensated heart failure followed at admission and discharge, we simply proposed the sum of positive scans as sonographic scoring. This score showed a good correlation with clinical improvement, radiologic extravascular lung water, and natriuretic peptide levels [43] . Technical considerations aside, Agricola and coworkers paved the way for the use of lung ultrasound as a real-time noninvasive diagnostic tool for the hemodynamic assessment and evaluation of lung congestion in the ED (work in progress).
Conclusion
Lung sonography allows detection of many easy-toacquire signs of pulmonary pathologies that may improve the assessment of ED patients. This review focused on some innovative aspects of bedside lung ultrasound in the ED, but many other applications are currently being investigated. Lung ultrasound is emerging in the ED as a modern stethoscope, which offers an important, sometimes decisive contribution to the diagnostic procedures. It is time, cost, and sometimes life saving. We truly think that its application in making critical decisions regarding patients' care does not need any special certification or course attendance. As we learn auscultation under responsibility of the university and by practical training, the same should be for lung ultrasound. The best way to learn bedside lung application of sonography is to study literature and practice it regularly in the ED. Academic emergency medicine departments should take the lead in introducing ultrasound to faculty, residents, and students.
